The primary destruction mechanism for interstellar and circumstellar CO and its isotopologues is photodissociation, which is entirely governed by discrete line absorption into predissociating levels in the wavelength range 91.2 to 111.8 nm. Because the CO spectrum consists primarily of resolved line features, self-shielding effects in high-column density environments [1,2,3] can lead to strong isotopic fractionation signatures in both CO and elemental O and C [4,5,6].
nism for interstellar and circumstellar CO and its isotopologues is photodissociation, which is entirely governed by discrete line absorption into predissociating levels in the wavelength range 91.2 to 111.8 nm. Because the CO spectrum consists primarily of resolved line features, self-shielding effects in high-column density environments [1, 2, 3] can lead to strong isotopic fractionation signatures in both CO and elemental O and C [4, 5, 6] .
CO self-shielding in the solar nebula has been invoked [7, 8, 9] to explain the unusual oxygen isotope ratios observed in the earliest solar system condensates, viz. calcium-aluminum inclusions (CAIs) in primitive meteorites. Analysis of solar wind collected by the NASA Genesis mission [10] showed that the Sun has an oxygen isotope anomaly similar to that of the isotopically lightest CAIs, a result that is consistent with CO self-shielding in the early solar nebula or parent cloud. Astronomical observations of CO isotopologue ratios [3, 5] although valuable, are of insufficient precision to quantitatively address the hypothesis that CO self-shielding is responsible for the oxygen isotope ratios seen in CAIs in primitive meteorites. A comprehensive database of line positions, oscillator strengths (f-values), and line widths for all relevant CO isotopologues is needed to assess this hypothesis and for the development of models of astrophysical environments.
Measurements: Measurements were carried out at the third-generation SOLEIL synchrotron facility in Saint Aubin, France. The vacuum ultraviolet Fourier transform spectrometer on the DESIRS beam line [11] was used to record unprecedented high-resolution spectra (0.32 cm -1 and 0.22 cm -1 ) of the CO isotopologues in a windowless absorption cell. The broad and adjustable continuum bandpass of the DESIRS beamline allowed for the simultaneous recording of room-temperature absorption in pairs of CO bands, facilitating the determination of precise ratios of band strengths. We report line and band f-values for the six strong vibrational bands between 105.0 and 115.2 nm, associated with transitions from X(v″=0) to the v′ = 0 and 1 levels of the B 1 Σ + , C 1 Σ + , and E 1 Π states, in five CO isotopologues. We compute revised dissociation branching ratios for the C(v′=0,1) and E(v′=0,1) levels based on these f-values.
For a subset of the spectra, absolute column densities were determined by measuring absorption in the B(0) band. The B(0)-X(0) f-value has been wellcharacterized [12, 13] , and was adopted as a calibration standard with a band f-value of 0.0065(5). Our most direct measures of isotopologue dependences in fvalues come from the analyses of absorption spectra of mixed samples of CO isotopologues. Results: The measurements reveal J-dependences in the branch intensities of the C(v=0,1)-X(0) and E(v=0,1)-X(0) bands in all isotoplogues. The analyses of absorption in mixed gas samples of 12 C 16 O/ 12 C 17 O and 12 C 16 O/ 12 C 18 O show minimal or no isotopologuedependence in the C(v=0,1) -X(0) and E(v=0,1) -X(0) band f-values at the ∼5% uncertainty level see Table 1 . The absence of measureable isotopologuedependence in our band f-values is an important factor in establishing more reliable photodissociation branching ratios. The isotope dependence of the measured fvalues (and inferred dissociation probabilities) is too small to account for the high δ '17 O/δ '18 O slopes (~1.4) measured by [14] in laboratory CO photolysis experiments at 105 (E(1) band) and 107 nm (E(0) band). Additionally, the very weak (to nonexistent) perturbations in the E(0) and E(1) bands also offer no plausible explanation for the measured slopes in [14] . Interpretation of their results is therefore problematic. The work presented here is part of a larger effort to establish a reliable high-resolution database for CO isotopologue absorption features in the 91.2 to 111.8 nm region. ). We focus here on bands in the 86000-92000 cm -1 region.
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Fig. 2
Representative absorption spectra of C(0), C(1), E(0), and E(1) bands in 12 C 16 O recorded at a resolution of 0.32 cm -1 . 
